High-Mg chloritoid (X Mg ¼ 0Á40^0Á47) and relatively high-Mg staurolite (X Mg ¼ 0Á25^0Á28) coexisting with kyanite and garnet were identified in a mica^garnet-rich rock associated with very high-pressure eclogites in the Bughea Complex of the Leaota Massif (South Carpathians). Major and trace element geochemical data for both fresh eclogites and associated rocks which represent a metasomatic or retrograde alteration rind of the eclogites, indicate a pelitic precursor. Magnesian chloritoid was found as inclusions in garnet as part of a chloritoid^kyanite^garnet assemblage which is indicative of high-pressure conditions. The host garnet shows a typically prograde chemical zoning pattern.The chloritoid-bearing assemblage is confined to the inner part of the garnet porphyroblasts, whereas the matrix assemblage in equilibrium with Mg-rich garnet rims has exceeded the thermal stability limit of chloritoid. Pressure^tempera-ture pseudosections for simplified compositions approaching the rock bulk-chemistry show a high-pressure field for the identified chloritoid-bearing assemblage in good agreement with pressure^tempera-ture estimates in the CFMASH and KCFMASH chemical subsystems using analysed mineral compositions. The derived pressure^temperature path is clockwise, indicating overprinting during exhumation from 1Á8 GPa and 5808C to 1Á15 GPa and 6208C, at a water activity approaching a H2O ¼1.These conditions were attained in a subduction me¤ lange indicating transient thermal perturbations of a subduction channel.
I N T RO D UC T I O N
Following the studies by Abraham & Schreyer (1976) , Schreyer & Baller (1977) , Chopin (1981) , and Chopin & Schreyer (1983) , new pathways opened in the hitherto uncharted territories of high-pressure (HP) mineral assemblages in metamorphosed pelitic rocks. As a direct consequence, the pressure^temperature (P^T) field of interest for rocks with pelitic bulk compositions expanded significantly, allowing the full geodynamic significance of previously inconceivable high-pressure histories recorded in rocks of crustal origin to be appreciated (Schreyer, 1988a (Schreyer, , 1988b .
A wealth of index mineral species or mineral assemblages, critical in documenting HP metamorphic conditions, as well as their phase relationships in P^T space resulted from new field and experimental data acquired at a sustained rate. Experimentally determined stability fields and phase relationships of the Mg end-members of common rock-forming silicates such as magnesiocarpholite (Chopin & Schreyer, 1983) , magnesiochloritoid (Chopin & Schreyer, 1983; Fockenberg, 1995) , and magnesiostaurolite (Fockenberg, 1998) , or assemblages such as talc^kyanite, talc^phengite (Massonne & Schreyer, 1989) , and pyropeĉ oesite (Chopin, 1984) provided important insights in improving understanding and quantification of the HP conditions sustained by Mg-rich pelites. Nevertheless, the incidence of the relevant phases and assemblages mentioned above is often restricted to particular compositional and P^T conditions, such as low metamorphic grade for carpholite, silica-undersaturated compositions for magnesiochloritoid and magnesiostaurolite (Fockenberg, 1998) , and/or unusually Cr-rich compositions for Mg-rich staurolite (Gil Ibarguchi et al., 1991; Costin & Luffi, 2001 ), or high oxygen fugacity for Fe 3þ -bearing phases such as yoderite (Fockenberg & Schreyer, 1991) .
In normal iron-rich metapelites, the low-to mediumtemperature formation of almandine-rich garnet (often containing substantial amounts of Ca and Mn) exerts a powerful screening effect on the appearance of other Fe^Mg phases with more restricted stability fields, leading to a wide P^T stability field of monotonous assemblages such as phengitic mica^garnet^kyanite at high pressures (see Caddick & Thompson, 2008) . The presence of the unusual chloritoid^garnet^kyanite assemblage in the Saxothuringian of the Bohemian Massif (Konopa¤ sek, 2001 ), the Alps (Pognante et al., 1980; Sto« ckhert et al., 1997; Tropper et al., 1999) , and the Kokchetav Massif in northern Kazakhstan (Massonne & Schreyer, 1989) , as well as their own identification of this assemblage in the Raspas Complex, Ecuadorian Andes, led Gabriele et al. (2003) to claim it as a key eclogite-facies assemblage. Calculations in the FMASH system indicate a minimum pressure of 1Á2 GPa for this assemblage (Konopa¤ sek, 2001) ; however, the presence of additional components such as CaO and MnO fractionating into garnet and widening its stability field could possibly lower the above-mentioned minimum pressure limit. It follows therefore that the composition of the coexisting phases rather than the mere presence of the assemblage would offer a pathway to constraining the HP evolution of the rocks in question. A key role is apparently played by pressure-sensitive Mg incorporation in chloritoid, as is apparent from the HP stability field of Mg-chloritoid (Chopin & Schreyer, 1983) and experimental Fe^Mg partitioning data for the garnet^chloritoid pair (Koch-Mu« ller & Wirth, 2001) . The equally HP character of the chloritoid^garnetk yanite assemblage in Na-bearing metapelites has been documented by Coggon & Powell (2002) and Wei & Powell (2004) . So far only a restricted number of natural occurrences of chloritoid with X Mg exceeding 0Á25 have been identified. In addition to those listed by Chopin & Schreyer (1983) and mentioned above, which coexist with kyanite and garnet and are mostly located in the Alps, other such chloritoids have been found in blueschist terrains, for instance, in New Caledonia (Ghent et al., 1987) , Oman (El-Shazly & Liou, 1991) , and Brittany (Bosse et al., 2002) . Here we report the presence of Mg-rich chloritoid and (Fe, Mg)-staurolite associated with kyanite and garnet in a retrogressed very high-pressure (VHP, as defined by Liou et al., 1998) eclogite formed from a pelitic precursor rock from the Leaota Massif and its P^T^a H2O estimates in the KCFMASH system.
G E O L O G I C A L B AC KG RO U N D
The metamorphic basement of the Leaota Massif, South Carpathians ( Fig. 1) , consists of a flat-lying sequence of structurally concordant units displaying internal and/or mutual lithological and metamorphic contrasts. One of these units, the Bughea Complex (BC) is a me¤ lange containing HP lenses embedded in a medium-pressure semipelitic matrix. It is emplaced between a medium-grade gneissic unit probably originating in an arc setting (Negulescu, 2006) and structurally higher units of pelitic or meta-igneous composition. These latter units display an upward decrease in apparent metamorphic grade from low to very low grade.
The matrix of the BC consists of amphibole mica-schists, garnet^chloritoid mica-schists, amphibolites and minor marbles and quartzites (Gheuca & Dinica ï , 1986) . This matrix includes HP lenses of common eclogite (different occurrences were described by Gherasi et al., 1971; Ma ï runt°iu et al., 1997; Medaris et al., 2003) , VHP eclogite (Sa ï ba ï u, 2000) and metagabbronorite (Negulescu, 2006) . Unlike the large number of common eclogites known from the BC, there is only a single occurrence of VHP eclogite ( Fig. 1) , which can be distinguished from the other eclogites by its unusual mineralogy and chemical composition and calculated peak pressure, which consistently place in the coesite stability field. The peak metamorphic conditions for the matrix of the BC are 557^5858C, 0Á85^0Á95 GPa, a H2O ¼ 0Á7 AE 0Á15 (Sa ï ba ï u, 2000), whereas the common eclogites and metagabbronorites equilibrated in the range 550^6808C, 1Á7^2Á6 GPa (Negulescu, 2006) . The VHP eclogite records maximum conditions of 2Á8^3Á2 GPa, 780^8408C, along a near-peak heating^decompres-sion path (Sa ï ba ï u, 2000).
The VHP-eclogite body is composed of coarse garnet (1^3 cm) embedded in a matrix of clinopyroxene, kyanite and retrograde white mica and amphibole (Fig. 2b) . Leucocratic domains of white mica (phengite, paragonite) and quartz can be observed around the garnets and in the rock matrix. The VHP body grades laterally into distinct rock-types that do not appear in other settings inside the BC; namely, relatively finer-grained (up to 5 mm) massive mica-and garnet-rich rocks (Fig. 2c) and subordinate garnet-and mica-bearing pelitic gneisses. This typical association in the field and the gradual transition of the VHP eclogite towards the rock types mentioned (Fig. 2) support the interpretation that these massive rocks and gneisses originated from the marginal alteration of the VHP eclogite, representing metasomatic or retrograde The massive finer-grained rock displays remarkably homogeneous features in both hand-specimen and thin sections based on observations of the abundant blocks found both in situ and downstream in the river alluvia. The garnet^kya-nite^chloritoid assemblage discussed at length below was identified in these isotropic mica-and garnet-bearing rocks bordering the VHP eclogite. Given the homogeneity of the studied rock types, two samples were selected for bulk-rock and mineral chemical analysis. One of these samples, displaying the most typical and complete mineral assemblage and microtexture, as well as the clearest and most extensive zoning pattern of garnet porphyroblasts, was used for thermodynamic calculations of P^T conditions.
B U L K-RO C K C O M P O S I T I O N A L DATA
As noted by Sa ï ba ï u (2000), the VHP eclogite has a Si-rich, alkaline character (see Table 1 ) and a highly fractionated normalized multi-element pattern unlike all the other eclogites, which display mainly mid-ocean ridge basalt (MORB)-like characteristics. The strong trace element fractionation was tentatively ascribed by Sa ï ba ï u (2000) to an ocean-island magmatic precursor. Additional major element (X-ray fluorescence; XRF) and trace element analyses (inductively coupled plasma; ICP-MS) performed during this study on both the unaltered VHP eclogite and its retrogressed rind [for details of analytical techniques and conditions see Massonne & Czambor (2007) ] confirmed this fractionated trace element characteristic. Chondrite-normalized rare earth element (REE) patterns are strikingly similar between the VHP eclogite (sample ELG) and its outer rind (samples RU007 and VH6) (Fig. 3) . The REE characteristics of these rocks perfectly match the North American Shale Composite (NASC) of Taylor & McLennan (1985) , suggesting that they represent metasediments of pelitic composition (Fig. 4) . The slight downward shift of the REE pattern of the rind may be a dilution effect related to the silica enrichment of the rind (Table 1 ). There is also some depletion of the relatively immobile major elements (Al 2 O 3 , FeO, MgO), high field strength elements (HFSE) and immobile trace elements (Cr, Ni) (Fig. 5) . A marked enrichment in large ion lithophile elements (LILE) and chalcophile elements is also recorded, whereas halogens display contrasting behaviour. Fluorine, which tends to fractionate into the solid phases (hydrous minerals such as chlorite, chloritoid, and especially mica), is enriched whereas chlorine, which fractionates into fluids, is depleted (see also Wood & Walther, 1986) . The REE patterns (Fig. 3) are 'spoon-shaped' and enriched in the middle REE (MREE) and light REE (LREE). Strontium is depleted to the same degree as the LREE. Manganese appears enriched in the alteration rind; although Mn behaves as a highly compatible element, as it is readily incorporated in garnet, it would be expected to undergo a slight apparent depletion considering the Si-dilution effect. The actual relationship may most probably be caused by inter-sample variation, potentially giving an amplified effect at concentrations as low as those recorded in the analysed rocks. One of the most salient features in Fig. 5 is the strong Ca and Na depletion. The most plausible explanation appears to be connected to the decompressional breakdown of clinopyroxene (impure jadeite and omphacite), which is abundant in the pristine VHP eclogite. Godard & Mabit (1998) found that symplectitic breakdown of omphacite occurs with Na and Ca release. Sa ï ba ï u et al. (2002) advocated, on the other hand, relatively long-range diffusion of these components by fluid-mediated mass transfer to explain kyanite dissolution following pyroxene breakdown in eclogites. In these circumstances, fluid exchange between the rock (containing Na and Ca-enriched fluids) and its surroundings (containing Si and K-rich fluids) is likely to occur.
Chemical alteration caused a strong modal increase of quartz and micas in the rind rocks. This is most probably related to subduction-zone metasomatism, as also indicated by the LILE enrichment of the BC matrix rocks themselves, demonstrated by the high Ba contents of K white micas (Negulescu & Sa ï ba ï u, 1999) . 
M I N E R A L A S S E M B L AG E S A N D T E X T U R A L R E L AT I O N S H I P S
The mineral assemblages of the fresh VHP eclogites were comprehensively described by Sa ï ba ï u (2000). These assemblages and textural relationships reveal several stages of a burial and exhumation evolution. The well-preserved eclogitic assemblage consists of jadeite-rich clinopyroxene (Jd 76^50 ), kyanite, almandine-rich garnet, quartz, allanite, and phengite. The retrograde assemblages are rich in white mica (phengite, paragonite), Na-amphiboles, Na-Caamphiboles and albite.
The eclogite rind zone is mainly composed of a grey, fine-grained, massive, mica-rich rock. The mineral assemblage of the matrix is phengite þ paragonite þ quartz þ rutile þ kyanite þ epidote. Blasts of garnet up to 5 mm in size, often displaying a web-like structure, are embedded in a matrix rich in quartz and white mica. Kyanite with quartz and rutile inclusions is frequent in the matrix. Mostly, kyanite represents recognizable relics from the unaltered parent rock and is corroded by coarse bunches of white mica (Figs 6 and 7). Uncorroded kyanite intimately associated with spongy garnet occurs rarely in the matrix (Fig. 8) . No trace of jadeite-rich clinopyroxene is preserved but pseudomorphic lumps of finely intergrown albite þ quartz including randomly oriented chlorite and biotite laths imply the original existence of such pyroxene porphyroblasts (Figs 8^10). Potassic white-mica is partly replaced along grain boundaries by a thin selvage of biotite, sometimes accompanied by chlorite. Poikiloblastic or web garnets commonly include quartz, rutile and white-mica, with subordinate amounts of epidote, chloritoid, staurolite and kyanite. Regularities in the distribution of the inclusions are conspicuous, correlating with chemical zonation (described below): (1) the garnet cores are almost free of inclusions (except rare epidote); (2) an intermediate garnet zone contains abundant quartz and epidote inclusions, also containing chloritoid and staurolite in its external part and often displaying a web structure; (3) the garnet rims contain less abundant, large-sized inclusions, consisting of white mica (phengite, paragonite) and quartz. Chloritoid and staurolite occur as single-phase or composite inclusions in garnet, sometimes replaced by chlorite and biotite (Fig. 11) , together with kyanite and rare Na^Ca mica (Fig. 12) .
These textural relationships suggest the presence of three successive mineral assemblages, of which the first is . Back-scattered electron image of kyanite replaced by paragonite (Pg) and phengite (Phe); the latter mineral is partially replaced by biotite and chlorite. Rutile occurs both as inclusions in kyanite and in the rock matrix; sample RU007. Fig. 6 . Kyanite relics in a white mica (Wm) aggregate (paragonite, phengite); transmitted light; sample RU007. Abbreviations for mineral names are after Kretz (1983) . Plg, plagioclase.
confined to the intermediate zone of the garnet and its inclusions:
III, retrograde assemblage: albite þ chlorite þ biotite ( þ phengite, paragonite).
Mineral compositions were analyzed using a Cameca SX100 electron microprobe (EMP) with five wavelengthdispersive spectrometers. Operating conditions were 15 kV accelerating voltage, 15 nA beam current and focused beam for anhydrous minerals, and 10 nA and beam spot of 6 mm for hydrous or volatile-bearing minerals. The counting time was 20 s for Ba, Na, K, Fe, Ti, Ca, Cr, Cl, Si, Al, Mg and Mn, and 30 s for Zn and F. A set of standards composed of natural minerals and synthetic glasses was used for calibration in connection with an on-line PAP-correction routine.
Mineral zoning was investigated using both compositional maps and line-profiles. The conditions for obtaining compositional maps were 15 kV, 30 nA and 100 ms counting time per step. Ka radiations of Fe, Mn, Ca and Mg were simultaneously detected using large LIF, large PET, PET and TAP crystals, respectively. Back-scattered electron (BSE) images were also recorded during the stage scan.
Electron microprobe analyses were recalculated, using an automated routine, as structural formulae and ideal end-member concentrations by iteratively modifying Fe (and when necessary Mn) oxidation state to simultaneously fulfil stoichiometric and charge balance constraints as outlined below for each mineral group. The 1 standard deviation and detection limits for each oxide component were recalculated from the standard deviation of the measured element concentrations determined by the microprobe. The corresponding standard deviations of the calculated quantities were estimated (Tables 2^8) from error propagation. Elements below the detection limit are not included in the tables.
Garnet was recalculated on the basis of 24 balanced charges and eight cations p.f.u. (per formula unit) in three tetrahedral, two octahedral and three higher-coordination sites, using the site-filling sequence listed in Table 2 . Calculations resulted in small quantities of Fe 3þ in the highly coordinated site. Although this result might represent an artefact arising from analytical error, it was preferred over non-stoichiometry/charge imbalance. Garnet compositions vary significantly from Prp 8Á4 Alm 56Á2 Grs 19Á9 Sps 13 in the core to Prp 33Á7 Alm 55Á2 Grs 7Á1 Sps 0Á5 at the rims of single grains ( Table 2 ). The Fe/Mg value decreases accordingly from 6Á7 to 1Á6. The cation distribution diagrams and BSE images ( Fig. 13 ) reveal a sharp concentric zonality corresponding to the three zones indicated by the distribution and nature of the mineral inclusions. Multiple idiomorphic cores displaying high compositional gradients are agglutinated by a compositionally more homogeneous intermediate zone. The outer part of the garnets is represented by a relatively Mg-rich homogeneous mantle.
The chemical zonality in relationship with the distribution of the inclusions may provide a qualitative estimate of both the position of a given section in the garnet porphyroblast, essential in analyzing irregularly zoned, often coalescent crystals as in the case discussed, and the growth history of the garnet porphyroblasts. Compositional gradients during porphyroblastic growth are primarily a reflection of changing P^T conditions and coexisting assemblages, as well as chemical fractionation, with no time implication, yet specific compositions inside the porphyroblasts (especially when a uniform trend can be documented) and particular inclusion patterns relate to a definite relative time sequence during crystal growth. Thereby in random sections through porphyroblasts, those with steeper gradients (and larger chemical ranges) within the same compositional range are closer to the geometrical centre of a zone. On the other hand, the abundance of the inclusions is an inverse measure of the growth rate of the porphyroblasts as compared with the contemporaneous dissolution rate of the overgrown matrix minerals. Relatively fast porphyroblastic growth favours the preservation of abundant inclusions, with web textures resulting from extreme growth rates, whereas slow growth produces inclusion-poor crystals. According to these criteria, the morphology of the garnets is consistent with slow growth of the idiomorphic cores followed by fast agglutinating growth of the intermediate zone, and a decrease in growth rate coincident with further modal increase during mantle formation.
The garnet porphyroblasts represented in Fig. 13 display almost the entire measured compositional range of the garnets in sample RU007. Figure 13a shows a section cutting into three agglutinated cores of which one nearly exposes its centre, whereas Fig. 13b shows a section cutting into the intermediate zone (close to a core located below the section plane) and the crystal mantle. By virtue of the position of the section, Fig. 13a allows an estimate of the typical volume ratio between the three zones: 62% mantle and 38% intermediate zone plus core.
Because of the complex structure of the porphyroblasts, we chose to summarize the compositional range in the chemical profiles in Fig. 13c^e rather than attempting to illustrate it on a single profile. Manganese zonation in the garnet core displays a typically bell-shaped pattern (Fig. 13c) . The intermediate garnet zone is characterized by a continuous decrease of Mn and Fe/Mg and a uniform Ca content ( Fig. 13d and e) . The mantles show a significant jump in Mg at the inner boundary, followed by continuous increase towards the outermost rim ( Table 2 , Fig. 13e ). Iron is almost homogeneously distributed through the entire crystal. Thus, the element concentration maps (Fig. 14) reveal the detailed growth history of the garnet porphyroblasts, with concentric growth, agglutination and overgrowth stages. The outer intermediate zone and especially its boundary towards the mantle is the location in which chloritoid and subordinate staurolite inclusions almost exclusively occur ( Fig. 14c and f) .
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Subscripts 't' and 'o' stand for tetrahedral and octahedral sites, respectively. AET and AEO represent tetrahedral and octahedral sums, respectively.
higher X Mg than the coexisting garnet. The absence of chloritoid in the matrix indicates that all chloritoid was consumed during the growth of the garnet mantles, being preserved only in armoured inclusions lacking the necessary reactants (quartz AE phengite). Calcium depletion in the mantles could be related to plagioclase growth in the matrix. A narrow fringe at the garnet rims displays lower Mg, and especially higher Mn and Ca contents (Fig. 14) , pointing to minor retrograde corrosion of the garnet porphyroblasts. Interestingly, the Na contents in garnet are frequently above detection limit (especially in cores) ( Table 2 ).
The Ca^Fe^Mg and Mn^Fe^Mg diagrams (Fig. 15) display the chemical trend of garnet growth in the rinds in comparison with the unaltered VHP-eclogite core (Sa ï ba ï u, 2000). The high Mn contents in the cores of the studied garnets suggest complete resorption of the homogeneous and low-Mn garnet pre-existing in the freshVHP eclogites. No measured compositions corresponding to relics of these low-Mn garnets have been identified.
Chloritoid and staurolite occur exclusively as inclusions in the outer part of the intermediate zone of garnet ( Fig. 14c and f) , near the high-Mg overgrowth boundary, and are occasionally corroded by chlorite and biotite. Chloritoid was recalculated on a basis of 12 charges, four cation sites and two OH þ F sites. Compositions (Table 3) are remarkably magnesian (X Mg ¼ 0Á40^0Á47).
Staurolite was recalculated on basis of 96 charges and Fe 3þ was considered to amount to 3% of the total Fe following Hawthorne et al. (1993, and references therein) . A regression of 62 complete staurolite analyses from the same paper and Holdaway et al. (1986) was also used to estimate Li and H contents, respectively, from the R 3þ -normalized Mg vs Li, and cationic sum vs Si correlations. Complete filling of the T(1) tetrahedral and octahedral sites was assumed as in Table 4 , the T(2) tetrahedral occupancy and OH þ F p.f.u. resulting from the calculations. The above-mentioned correlations consistently indicate no Li in any of the analysed staurolites. Their compositions show X Mg values slightly but constantly exceeding 0Á25 (Table 4) .
Epidote occurs as inclusions in all garnet zones as well as in the rock matrix. Analyses were recalculated to 25 charges, one OH þ F and site-filling according to Table 5 . Fe and Mn oxidation states were iteratively adjusted for the closest match of the ideal crystal-chemical formula.
Phyllosilicates, mainly white micas (phengite, paragonite), are very abundant in the matrix, around large kyanite relics and as inclusions in garnets. The structural formula of white mica was recalculated on the basis of 22 balanced charges, two OH þ F þ Cl p.f.u. and iterative increase of Fe 3þ starting from Fe 3þ ¼ 0 in case of overoccupancy of one of the cationic sites (usually the interlayer site). As all white micas analysed yielded incomplete occupancies of the interlayer position and oxide totals close to 100% upon recalculation, all iron was left in the ferrous state. The compositions of phengite grains (Table 6) , which are more common than paragonite, are fairly homogeneous. However, a slight decrease of Si p.f.u. towards the outermost rim could be noticed in a profile line (analyses 1pr^10pr in Table 6 ), from 3Á38^3Á39 p.f.u. in the crystal core to 3Á34^3Á36 Si p.f.u. in the rim. The paragonite compositions (Table 6 ) are homogeneous (85^88 mol % paragonite end-member). An unusual (Ca, Na)-mica was identified as chemically homogeneous inclusions (both optically and in BSE images) in staurolite (Fig. 12, Table 7 ). This is identical in composition to the Na^(Mg,Fe)-margarite mica reported by Godard & Smith (1999) . Distinctive characteristics are the extensive Na substitution and intermediate filling of the octahedral layer with significant Mg and Fe in addition to Al. Expressed in ideal end-members, the analysed mica contains (in molar quantities) 55Á1% margarite, 13Á3% paragonite, 10Á1% preiswerkite^eastonite, 11Á2% interlayer-vacant terms, 9% of the theoretical 'Mica L' of Smith (1988) and minor muscovite (1Á4%). According to Godard & Smith (1999) , a critical factor for the occurrence of such micas is the retrogression of eclogitic rocks containing chemical domains low in Si and high in Na and Al, such as kyanite surrounded by jadeite-rich clinopyroxene.
Biotite was recalculated according to the same procedure as for white mica, but somewhat arbitrarily choosing an Fe 3þ /Fe tot value of 0Á25, which was found to consistently yield good analysis totals. Significant Fe 3þ in biotite is also indicated by its deep brown pleochroism and the reasoning that biotite most probably incorporates the bulk of the ferric iron in the rock, in addition to the by far less abundant epidote. Biotite is a secondary phase. Its composition differs according to the textural setting: biotite corroding staurolite (Fig. 16a) is less magnesian than biotite in the albite^oligoclase lumps and that formed at the expense of phengite (Fig. 16b) .
Chlorite is an abundant secondary phase formed at the expense of chloritoid and in albite lumps. In other instances it appears in ambiguous textural settings, in both the matrix and in composite inclusions; neither setting excludes a primary genesis. Chlorite was recalculated to 28 charges and eight (OH þ F þ Cl) groups. Cations were ascribed in the order indicated in Table 6 to four tetrahedrally and six octahedrally coordinated positions. Large cations were assumed to occur in interlayer positions. Chlorite is chemically relatively homogeneous and close to clinochlore end-member composition (Table 8) . 
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P^T C O N D I T I O N S
The above-described textural relationships allow the identification of two pervasive metamorphic assemblages. Poikiloblastic garnets are the host of the older assemblage [namely, the critical garnet^chloritoid^kyanite association, documented by the included phases (chloritoid, staurolite, kyanite, epidote AE chlorite)], whereas the matrix contains a chloritoid-free, kyanite^garnet-bearing assemblage. The compositions of the ferromagnesian phases were plotted in an AFM diagram (Fig. 17) showing that in this simplified chemography staurolite cannot be in equilibrium with the above-mentioned critical assemblages. The occurrence of staurolite, however, may be the result of the stabilizing effect of additional components not considered in the projection (e.g. ZnO; see Table 4 ). Considerable amounts of Li have been reported from metapelitic staurolites (e.g. Holdaway et al., 1986) , but in our case no indication of the presence of Li could be found (see above).
A P^T pseudosection was calculated with the PERPLE_X computer package (Connolly, 1990 , Perp07_Windows version, available at http://www.perplex. ethz.ch/perplex/ibm_and_mac_archives) using the 'hp02ver.dat' thermodynamic dataset updated from Holland & Powell (1998) . The solid-solution models used are those identified by the following abbreviations in the 'solut_08.dat' file of the above-mentioned package, modified from Holland & Powell (1998) according to the references therein: Chl(HP) for chlorite, Gt(HP) for garnet, Ctd(HP) for chloritoid, cOmph(HP) for omphacite, Pheng(HP) for phengite, Carp for carpholite, T for talc. The last two models assume ideal solution properties, as well as the model adopted for epidote, where ideal Al^Fe 3þ mixing on one octahedral site was assumed. For phengite solid solutions we preferred a simpler and older model over the more recent ones available [Mica(CH1), Mica(CH2), using the parameters derived by Coggon & Holland (2002) ]. All three models available assume ideal celadonite^muscovite interactions and do not consider trioctahedral substitutions, whereas both non-ideal behaviour of the celadonite components and octahedral occupancy typically exceeding two cations p.f.u. are well documented (Massonne & Spurka, 1997) . The Pheng(HP) model, however, delivers Si isopleths substantially closer to the values actually found in the studied rock.
The input rock composition resulted from the projection of the actual rock composition (RU007, Table 1) into the KFMASH system through all other components. The resulting pseudosection (Fig. 18a) predicts that garnet, chloritoid and kyanite indeed coexist as a HP assemblage along with phengite with Si contents between 3Á3 and 3Á4 p.f.u. in a P^T field around 6008C and pressures between 1Á7 and 2Á6 GPa. Resulting X Mg values of garnet and coexisting chloritoid are 0Á24^0Á35 and 0Á37^0Á49, respectively (Fig. 18a) . Thermal breakdown of chloritoid is predicted to produce assemblages containing talc or chlorite before all available magnesium can be incorporated in garnet with increasing temperature. 
AET 3 Á000 3Á000 3Á000 
The actual rock composition in the K 2 O^Na 2 O^CaOF eO^MgO^MnO^Al 2 O 3^F e 2 O 3^S iO 2^H2 O system was considered in association with additional solution properties for epidote and acmite-bearing ordered omphacitic clinopyroxene (see above), under the following assumptions: (1) the iron speciation in modelled sample RU007 containing this assemblage was considered identical to that in the companion sample VH6 (Table 1) , titrimetrically analyzed for iron oxidation state, but in which no chloritoid was identified in the available thin sections; (2) TiO 2 and P 2 O 5 were assigned to rutile and apatite, respectively, a corresponding quantity of CaO being subtracted 
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from the bulk composition; (3) quartz and water were considered as excess phases and O 2 (and, thus, Fe 3þ ) content fixed. The resulting P^T pseudosection failed to reproduce the assemblages observed in the studied rock because instead of epidote hematite was predicted to coexist with the chloritoid^kyanite^garnet assemblage. Therefore, we operated a further simplifying assumption by projecting the rock composition through a constrained quantity of epidote with 0Á75 Fe 3þ p.f.u. (approximating the average composition of epidote ubiquitous in all mineral 
The molar fractions of end members were computed according to Massonne (1992) .
assemblages). A projection through epidote is equivalent to the assumption that this phase stably coexists with all other phases involved in the mineral reactions. If this assumption was incorrect, epidote would represent a metastable relic separated from the reacting assemblage, and it still appears justified to subtract it from the rock composition to obtain the effective bulk composition involved in metamorphic reactions. The quantity of epidote subtracted was chosen in such a way as to allow enough Ca left in the system for a grossular content in garnet matching the Mn/ Ca ratio of garnet rims. No correction for Mn in epidote was considered, permitted by the small concentration of this cation in both epidote and whole-rock, and the subordinate modal amount of epidote. After the subtraction of epidote, Fe 3þ was still present in the system considered. Most probably the remaining Fe 3þ is at present hosted in biotite, but at higher pressures was more likely to enter acmite-bearing clinopyroxene. Although this projection through epidote with a fixed composition has a limited thermodynamic legitimacy, it is expected reasonably to predict phase relationships around the P^T conditions under which the assemblage equilibrated. The calculated pseudosection (Fig. 18b ) predicts a stability field for the chloritoid^garnet^kyanite assemblage together with phengite, paragonite and clinopyroxene ( þ quartz, rutile, apatite, epidote) at pressures between 2 and 2Á2 GPa in a narrow thermal domain around 6008C. Considering the probable origin of the biotite and chloritebearing albite lumps from former clinopyroxene, this seems to be a reasonable reproduction of the assemblage actually observed in the studied rock. An additional narrow field, containing chlorite in addition to the other phases mentioned above, would be stable at pressures down to 1Á8 GPa. Hematite, on the other hand, appears to be stable only at lower pressures than those corresponding to the garnet^kyanite^chloritoid assemblage.
An independent assessment of the equilibrium conditions of relevant assemblages was also attempted with the PTGIBBS program package of Brandelik & Massonne (2004) , employing the thermodynamic dataset of Berman (1988, 1990) augmented by compatible data for pyrope, Mg-chloritoid, Mg^Al-celadonite and muscovite (Massonne, 1995) and Fe^Al-celadonite (Massonne & Spurka, 1997) . Garnet was modelled as an ionic solid solution with mixing on two sites: non-ideal asymmetric Ca^Fe^Mg-Mn solution on the eight-fold coordinated site and ideal solution on the octahedral site (Massonne, 1992) whereas phengite was considered a non-ideal asymmetric six-component molecular solution (Massonne, 1995) . Chloritoid was treated as an ideal solid solution (Vidal et al., 2001) . Clinozoisite was considered also as an ideal solution involving mixing of Al and Fe 3þ on a single site (a Czo ¼ Al^2).
The two key assemblages were investigated by selecting phases in apparent microtextural equilibrium: (1) the HP chloritoid-bearing assemblage, represented by garnet with intermediate zone compositions, Mg-rich chloritoid and epidote included in it (a Czo ¼ 0Á21), kyanite and quartz; (2) the matrix assemblage, consisting of garnet and phengite of rim composition, matrix epidote (a Czo ¼ 0Á26), kyanite and quartz. For each assemblage, the whole range of garnet compositions corresponding to the appropriate growth zone was investigated to identify the composition yielding the closest intersection of calculated univariant lines. Typically, best matches were found for garnet compositions still belonging to the appropriate chemical zone, but appearing texturally older than the other mineral phases considered. Garnet compositions (Table 2 ) with a texturally more favourable position yielded unrealistically high temperatures (47008C) and poor intersections. In the first case, it seems likely that the actual inclusion of a phase postdates its formation, in such a way that the inclusions are in equilibrium with compositions older than those of the immediately adjacent host (gt4pr1/5, Table 2 ), and consequently the derived conditions may truly characterize the equilibrium assemblage. In the second case, the outermost rims of garnet are most likely to stably coexist with the matrix minerals. The tighter intersections obtained with garnet compositions from the inner mantle (grt4pr2/4, Table 2 ) would imply that phengite ceased growing or was even consumed as the modal abundance of garnet continued to increase. In this case the derived P^T point does not exactly define the peak temperature conditions, but still approximates them close enough to give a useful image of the heating^decompressional path.
The equilibrium conditions for the HP chloritoid-bearing assemblage were calculated by equilibria in the CFMASH system. Because of compositional degeneracy, the number of distinct reactions is only eight, intersecting in three invariant points, of which one is water-conservative. To determine the a H2O at specific P^Tconditions, the water-present invariant points were iteratively modified by changing the water activity to finally match the waterabsent invariant point (geohygrometry according to Massonne, 1992 ). The eight above-mentioned equilibria for the CFMASH system (Fig. 19a) intersect at 1Á78 GPa and 5808C for a water activity a H2O ¼1. These P^T conditions for the garnet^chloritoid^kyanite assemblage are compatible with the estimated conditions for other similar occurrences elsewhere: 1Á7^2Á1 GPa and 550^6508C for the Sesia Zone, Italian Alps (e.g. Tropper & Essene, 2002) , 1Á9^2Á3 GPa, 590 AE 258C for the Tauern Window, Austrian Alps (Holland, 1979; Sto« ckhert et al., 1997 ) and 2 GPa, 550^6008C for the Raspas Complex, Ecuadorian Andes (Gabriele et al., 2003) .
To derive the P^Tconditions recorded by the matrix, the eight distinct equilibria in the KCFMASH system were considered, characterizing the assemblage garnet^phen-gite^quartz^kyanite^epidote^excess water and also yielding three invariant points, of which one is waterconservative. These equilibria (Fig. 19b) intersect at 1Á15 GPa and 6208C for the mineral compositions of the matrix assemblage. Water activity a H2O was again found to be close to unity.
The P^T conditions thus derived indicate a heatingd ecompression path that implies a change from omphacitic clinopyroxene stable conditions to those of plagioclase. This P^T array is supported by garnet mantle compositions lower in Ca and the presence of the albite-rich bundles in the matrix, which most probably originate from the replacement of Na-rich clinopyroxene.
The P^T evolution of the VHP-eclogitic precursor (stages 1^5, Fig. 19 ) described by Sa ï ba ï u (2000) documents an intricate exhumation path recording a heating episode (stages 4 and 5) during decompression. According to the estimated P^T conditions of the VHP-eclogite rind (between a and b in Fig. 19 ) the rock experienced even a more significant heating during its exhumation than originally assumed.
D I S C U S S I O N A N D C O N C LU S I O N S
The garnet-and mica-rich rocks surrounding the VHP eclogite in the Leaota Massif represent its metasomaticr etrograde marginal alteration zone, as proven by close spatial association and geochemical features. During the alteration, pervasive growth of the critical chloritoidĝ arnet^kyanite HP assemblage is discernible from inclusions in garnet porphyroblasts. This assemblage was, in turn, replaced by a chloritoid-free, kyanite-bearing assemblage prevailing in the matrix. The resulting P^T array records a decompression episode during which a temperature increase of about 408C occurred. Considering the complete resorption of the pre-existing garnet in the unaltered VHP eclogite, as well as the advanced obliteration of Fig. 18 . P^T pseudosections calculated for sample RU007 using the XRF-derived bulk-rock composition (see Table 1 ). (a) Projection in the simplified KFMASH system with excess quartz and water; (b) projection through epidote of fixed composition (þ rutile and apatite) in the K the pre-existing textures, the chloritoid-bearing stage may have also resulted from a reheating episode acting on rocks that had already experienced cooling along the exhumation path (point 4 in Fig. 18 ). It should be noted that the chemical zonation of garnet also indicates continuous temperature increase during its entire growth history.
The chloritoid-bearing assemblage most probably originated from decomposition of garnet and kyanite originally present in the parental eclogite at VHP conditions, as a result of the influx of an external fluid percolating the rock. Subordinate staurolite growth occurred either because of the stabilizing effect of additional cations such as Zn or in micro-domains that failed to reach bulk equilibrium (high-Al^Mg, low-Si environments such as former jadeitic pyroxene sites).
The enrichment of Mg in the garnet rims can be related to resorption of Mg-rich chloritoid forming Mg-richer garnet and kyanite (AE chlorite) at P^T conditions recorded by the matrix (1Á15 GPa and 600^6208C). Kyanite also reacted with omphacitic clinopyroxene to form paragonite at this stage. The final retrograde stage of the evolution is recorded by chlorite and biotite formed at the expense of chloritoid armoured relics, phengite, and staurolite (but never garnet). The albite lumps probably represent pseudomorphs resulting from the breakdown of former clinopyroxene at this stage.
The assemblage chloritoid^garnet^kyanite indicates a low thermal gradient (largely between 5 and 108C/km) of the type usually prevailing during the early stages of metamorphism. This assemblage, appearing exclusively in rocks of pelitic composition, is a key indicator for the involvement of continental crust or continent-derived sediments in subduction zones, or extensive crustal thickening during a collisional process. The high value of this indicator is also due to the rarity of Mg-rich chloritoid, in direct relationship with the tight chemical constraints it provides.
The mineral assemblages preserved in the marginal alteration products of the VHP eclogite thus reveal a part of a complex retrograde path during exhumation of metapelitic rocks subject to VHP metamorphic conditions. In addition, considering also the corresponding near-peak metamorphic history (Sa ï ba ï u, 2000) and the relationships with the adjacent rocks, a geotectonic scenario can be constrained that is typical for a subduction-channel environment. Deep subduction of pelitic rocks of crustal derivation was followed by detachment from the subducting slab by an upward-directed mass flow and ascent along a low-gradient P^T path indicating syn-subduction exhumation. The marginal chemical alteration was due to interactions with subduction-zone fluids, also consistent with the invoked subduction-channel environment. This feature is shared by the HP metapelites with their present host, a semipelitic variegated rock assemblage displaying a prograde medium-grade, medium-to high-pressure metamorphic overprint (0Á8^0Á9 GPa, 6008C; Sa ï ba ï u, 2000). The host assemblage most probably represents a subduction^accretion me¤ lange, in which the incorporation of HP blocks is also consistent with a syn-subduction exhumation scenario. Transient heating may be related to thermal perturbations in the subduction channel. This geodynamic feature was part of a Neoproterozoic^Early Palaeozoic subduction^collision scenario outlined in detail by Sa ï ba ï u & Massonne (2003) for other basement units of the South Carpathians.
In the case of the occurrence reported here, the appearance of Mg-rich chloritoid coexisting with kyanite and garnet occurred along the decompressional path during thorough textural resetting; thereby displaying an unusually pervasive retrograde overprint still under HP conditions. The P^T array followed by the rock between the growth of the Mg-rich chloritoid-bearing assemblage and the formation of a lower pressure, higher temperature assemblage indicated by garnet outer zone and matrix minerals marks a significant change in the thermal gradient; this can be related to the closing stages of subduction and involvement of rocks from a subduction-channel environment in syn-collisional stacking of the rock units along a continental margin affected by continent^continent collision.
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